Amphibian skin represents an enormous store-house of biogenic amines and active peptides. So far four groups of peptides have been identified: (a) physalaemin-like peptides (physalaemin, phyllomedusin and uperolein) possessing an intense action on vascular and extravascular smooth muscle as weil as a potent action on lachrymal and salivary glands. Physalaemin is the most potent hypotensive agent so far described.
INTRODUCTION
The amphibian skin may be considered, as repeatedly stated 1 , a store-house of biogenic amines and active polypeptides.
From the studies carried out by our research group during the past fifteen years on this exceptionally interesting and rich material some fundamental facts have emerged, which may be now regarded as firmly established.
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An observation of substantial value is that all or nearly all amines and peptides found in amphibian skin have their counterpart in mammalian tissues, where they usually occur in a much lesser variety and conccntration. Hence results obtained in the study of amphibian skin are of an interest transcending comparative pharmacology and biochemistry, as they may substantially contribute to the understanding and interprctation of facts assessed in mammals and may offer the basis for new research trends in higher vertebrates.
The active polypeptides so far detected in the amphibian skin may bc divided into five groups characterized by distinctive features: physalaeminlike polypeptides or tachykinins, bradykinin-like polypeptides or bradykinins, caerulein-like polypeptides, bombesin-like polypcptides, and finally, miscellaneous polypeptides, a residual group in which those peptides arc provisionally placed which still await elucidation of their structurc or a sufficiently complete pharmacological study.
PHYSALAEMIN-LIKE PEPTIDES
At present, this polypeptide group is represented in thc amphibian skin by the following three members:
(i) physalaemin, the prototype of the group, first isolated in a pure form from methanol extracts of the skin of Physalaemus bigilonigerus (fuscumaculatus) and present in skin extracts of other Physalaemus species as weil (Physalaemus centralis, Physalaemus bresslaui). The content of physalaemin ranged between 370 and 700 ~g per g dry skin 2 • 3 . (ii) phyllomedusin, isolated from methanol extracts of the skin of the Amazonian hylid frog Phyllomedusa bicolor (1100 ~g per g frcsh skin) 4 . (iii) uperolein, found in the skin of Australian amphibians belanging to the genera Uperoleia and probably also Taudactylus. The elucidation of the structure of uperolein is in progress 5 . Two important physalaemin-like peptides occur outside the amphibian skin: eledoisin and substance P. The first is present, in large amounts (100 ~g per g fresh tissue), in the posterior salivary glands of the Mediterranean octopod Eledone moschata 6 ; the second is a polypeptide or, more likely, a family ofpolypeptides occurring in the brain and intestinal wall ofvertebratcs.
One substance P has been recently isolated from the bovine hypothalamus and, after elucidation of its structure 7 , it has been reproduced by synthesis 8 • Formulae for these peptides are presented below.
Physalaemin
Pyr-Ala-Asp-Pro-Asn-Lys~Phe-Tyr-Gly~Leu-Met-NH 2
Phyllomedusin Pyr--Asn-Pro-Asn-Arg-Phe-11e-Gly-Leu-Met-NH 2 Eledoisin Pyr-Pro-Ser-Lys-Asp-Ala-Phe-lle-Gly-Leu-Met-NH 2 Substance P Arg-Pro-Lys-Pro-Gln-Arg-Phc-Phe-Gly-Leu-Met-NH 2 From the amino acid sequences reported above it may be seen that all the four physalaemin-like peptides so far isolated in a pure form have in common the C-terminal tripeptide and the phenylalanine residue in position 5 from the C-terminus.
464
The promptncss oftheir stimulant action on smooth muscle, has suggested the denomination of tachykinins for this polypeptide group, as opposed to the group of slow-acting kinins, the true bradykinins 1 . The tachykinins more thoroughly studied from a pharmacological point of view are eledoisin and physalaemin, which display the following fundamental actions:
(a) potent vasodilating and hypotensive action in most animal species, including man. The action is a direct one on thc vascular smooth muscle. Threshold intravenous doses of physalaemin in the dog were of the order of 0.1 to 0.5 ng kg-1 , and a dose one million tim es greater could be tolcrated by the animal with full recovery after 5 to 6 hours, which seems to be a unique example of tolerability. Thc polypeptide was very cffective in antagonizing the pressor effects of catechol amines, nicotine and angiotensin in the dog. Whcn given in the same quick intravenous injection 0.5 l1g physalaemin complctely abolished the hypertensive effect of 50--75 l1g L-noradrenaline, 2 mg nicotine bitartrate and 10 l1g angiotensin
•
The vascular beds most sensitive to physalaemin and eledoisin in the dog were those of the bind limb musculature (minimal dose active by close intraarterial injection < 1 pg), and the coronaries (thrcshold 10 pg)
Eledoisin infused locally into a branch of the left coronary artery of thc dog at a rate of 8 ng kg-1 min -1 increased coronary sinus outflow by 20 per ccnt, coronary sinus oxygen tension by 10 per cent, and also increased strake flow and cardiac oxygen consumption without affecting mean blood pressure and heart rate. Intravenous infusions of eledoisin were almost as effective in decreasing coronary vascular resistance, as were intracoronary infusions 1 2 . The blood vessels ofthc skin were less reactive than blood vessels in muscle. Renal and mesenteric vascular beds did not respond significantly to the tachykinins 1 
The following percentage changes in a nurober of cardiovascular parameters following intravenous injection of 4 ng kg-1 of physalaemin in the dog have been reported by Nakano, Darrow and McCurdy 13 : heart rate + 17.8 , mean systemic arterial pressure - 22.5 , mean pulmonary arterial pressure + 1·8, mean left atrial pressure -1, mean right atrial prcssure + 0.5, myocardial contractile force + 17.5 , cardiac output + 52, total peripheral resistance - 65.2 , pulmonary vascular resistance - 35 . 4 .
Infusions of 0.6 l1g min-1 of eledoisin in normal human subjects produced a transient fall in mean arterial blood pressure, tachycardia, marked increase in cardiac index, increase in strake volume and fall in systemic vascular resistance. Blood flow to band and forearm increased. More marked hypotension and tachycardia and a more pronounced increase in band and forearm blood flows were observed during infusions of 2 to 5 l1g min-1 of eledoisin. Intravenous infusions of0.6l1g min -l ofeledoisin could be tolerated easily by all subjects studied, in spite ofthe occurrence of generalized intense erythema, burning of the eyes, throbbing in the head and dizziness. These results indicate that even in man eledoisin is a powerful dilator of vessels in skin and skeletal muscle and quite probably of vessels in other vascular areas 14 . (b) powerful stimulation of the salivary and lachrymal secretions in the rat, dog, man and hen by a direct effect on the secretory cells by the lachrymal glands could be obtained not only by systemic administration but also by instillation of the polypeptide into the conjunctival sac 17 . In the salivary glands of the dog physalaemin, besides stimulating the acinous secretory cells (threshold by intravenous injcction 0.5 to 1.75 J,tg kg-1 ), potently stimulated myoepithelial cells in the salivary ducts. Intravenous doses of physalaemin necessary to elicit a pressure rise in the submaxillary and parotid ducts of dogs were 100 times less than those active on salivary secretion 18 . Electrolyte and amylase concentrations in rat saliva which was evoked by physalaemin were virtually identical to those found in saliva evoked by stimulation of post-ganglionic nerve fibres 19 . The secretagogue effect of physalaemin in the dog pancreas was barely l per centofthat ofcaerulein 20 . (c) intense spasmogenic action on a nurober of isolated preparations of extravascular smooth muscle, among which the rabbit large intestine (threshold 0.2 to l ng ml-1 ), the guinea-pig ileum (0.5 to 2 ng ml-1 ), thc human Fallopian tube (10 to 20 ng ml-1 ), the rat urinary bladdcr (0.5 to 2 ng ml-1 )3. 21. 22_ On the in situ jejunal loops of the anaesthetized dog, physalaemin was twice as potent as cholecystokinin, on a molar basis, 15 times as potent as human gastrin I, 50 to 100 times as potent as either bradykinin or carbachol, and more than 300 times as potent as acetylcholine, eserine, histamine, Vasopressin and 5-HT. Only caerulein overcame physalacmin in its stimulant effect, by three times 23 • Other extra vascular smooth muscle preparations were poorly sensitive to the polypeptide: rat uterus, rat colon, dog, cat and rabbit urinary bladder 3 · 22 . (d) positive action on capillary pcrmeability in the guinea-pig, rat and man 24 • 25 • By intradermal administration eledoisin caused in man pain, local oedema and erythema at doses above 1 ng. Howcver, the polypeptide failed to elicit any pain response when injected intraperitoneally, subcutaneously or intramuscularly into human subjects at doses of 17 J,tg, 34 J,tg and 50 J,tg, respectively 26 • Eledoisin was removed from the circulation mainly by the kidney. The half-life of the polypeptidein the circulation was calculated to be less than 30 seconds. However it seemed that eledoisin was being bound to some constituents of the tissues, without actual dcstruction, and after the infusion of eledoisin stopped, it was being leached into the circulation again, thereby maintaining the blood Ievels for a Ionger time than expected 27 • Eledoisin has been reported to increase blood flow and lower peripheral resistance in a nurober of patients suffering from peripheral vascular diseases 28 -31 . Physalaemin, in its turn, gave apparently satisfactory results in the treatment of the Sjögren syndrome and similar morbid conditions, characterized by a defect in lachrymal and salivary secretions 32 . The relative potency, on several preparations, of the natural tachykinins physalaemin. phyllomedusin and eledoisin is shown in Table 1 .
lt may be seen that whereas distinction, by parallel bioassay, of physala~min from phyllomed_us~n ~as difficult or ev~n virtually impossible (dog unnary bladder?), the d1stmctwn of physalaemm from eledoisin was rather Table 2 illustrates the relative biological activity of some physalaemin-like and eledoisin-like peptides. The activity of physalaemin was considered equal to 100 and that of the other compounds was expressed in terms of this activity.
From the data shown in the Table and from the more numerous data reported in the pertinent publications, the following conclusions may be drawn:
(i) By means of a progressive elimination of the N-terminal amino acid residue up to the C-terminal hexapeptide it was possible to reduce considerably the size of the physalaemin molecule, without consistently reducing the hypotensive action. The spasmogenic effect on the rabbit and guinea-pig intestine could even be conspicuously increased. A minimum of five amino acid residues was necessary in order to have an appreciable activity (0.3 to 1 per cent). The C-terminal hexapeptide of physalaemin had 50 per cent of the hypotensive action of the parent polypeptide, and approximately the same spasmogenic action on the guinea-pig ileum. However, the sialagogue activity was barely 3 per centofthat o(physalaemin, and even the C-terminal octapeptide had only 30 per cent of the sialagogue activity of the parent endecapeptide 42 . (ii) The terminal amide group was apparently not essential for biological activity. In the C-terminal hexapeptide of eledoisin methionine nitrile could replace the methioninamide residue with no lass of hypotensive activity. However Met-NH 2 could not be replaced by Met-N(CH 3 ) 2 • (iii) Whereas methioninamide could not be replaced by other naturally occurring amino acids, it could be substituted, even with advantage, by nonnatural synthetic sulphur-containing amino acids, such as ethioninamide and a variety of alkylhomocysteinamide residues. Phe-Tyr-Gly-Leu-Met-NH 2 0.3
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Ala-Phe-Tyr-Gly-Leu-Met-NH 2 5 50--·100 20 14
Lys-Phe-Phc-Gly-Lcu-Met-NH 2 50 n.t. (iv) Substitution ofthe leueine or phenylalanine residues in the hexapeptide of either physalaemin or eledoisin produced a tremendous decay in the specific biological activity.
(v) Changes in biological activity produced by substitution of one of the three remaining amino acid residues were more irregular and apparently unpredictable. A high dcgree of activity was retained in hexapeptides where tyrosine (position 4 from the C-terminus) was replaced by valine, phenylalanine and isoleucine. However, hexapeptides in which tyrosine was replaced by leueine or alanine were practically devoid of activity. Likewise substitution of glycine (position 3) furnished in some cases active compounds, in other cases inactive compounds. Finally, Iysine (position 6) could be replaced, with good preservation of activity, by a number of amino acids.
(vi) No significant changes in activity were noted when the N-terminal residue was protected by the tert-butyloxycarbonyl group.
(vii) The all o-enantiomer of the eledoisin hexapeptide was devoid of activity and did not antagonize the L-enantiomer of eledoisin. Similarly, replacement of an L-amino acid residue in the C-terminal pentapeptide with thc corresponding n-amino acid residue caused a profound reduction of activity. However, the L-alanine in position 6 from the C-terminus could be substituted either by D-alanine or by o-asparagine with no important changes in activity.
( lt is evident that the results of these studies will gain a renewed attention after the elucidation of the structure of substance P which is no Ionger a humble polypeptide of the amphibian skin, but a noble constituent of the encephalic gray matter in all vertebrates, including man. All the above conclusions concerning relationship between chemical structure and biological activity arevalid not only for the amphibian tachykinins but also for substance P.
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BRADYKININ-LIKE PEPTIDES In addition to authentic bradykinin (1), seven natural bradykinin-like polypeptides have been so far isolated in a pure form: kallidin or lysylbradykinin (li), methionyl-lysyl-bradykinin or methionyl-kallidin (III), Thr 6 -bradykinin (IV), glycyl-bradykinin (V), polystes-kinin (VI), bradykinyl-isoleucyl-0-sulphate or phyllokinin (Vll), and finally Vati-Thr 6 - bradykinin (VIII).
(I) Arg-Pro-Pro-Gl y-Phc-Ser-Pro-Phe-Arg (I I)
Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg (111) Mct-Lys-Arg-Pro-Pro-Gly-Phe--Ser-Pro-Phe-Arg (IV)
Arg-Pro-Pro-Gly-Phe-Thr-Pro-Phe-Arg (V)
Gly-Arg-Pro-Pro-Gly-Phe-Scr-Pro-Phe-Arg (VI)
Pyr-Thr-Asp--Lys-Lys-Leu-Arg-Gly-Bradykinin (VII)
Arg ~Pro-Pro-Gly-Phe-Ser-Pro-Phe--Arg-lle-Tyr(SO 3 H) (VIII)
Val-Pro-Pro-Gly-Phe-Thr-Pro-Phe-Arg
Bradykinins (I), (ll) and (III) occur in mammalian plasma, bradykinin (IV) in turtle plasma 43 45 . Phyllokinin (VII) has been prepared in a pure form from skin extracts of the Brazilian frog Phyllomedusa rohdei and is probably present also in Phyllomedusa bicolor andin other Phyllomedusa species as well. lt is the first and so far the only active natural bradykinin-like peptide with amino acid residues attached at the C-terminus of the bradykinin molecule. Trypsin digestion produced a splitting-off of the C-terminal dipeptide, giving rise to bradykinin which is known tobe resistant to trypsin 46 . Desulphated phyllokinin, i.e. bradykinyl-isoleucyl-tyrosine, was consistently less active than phyllokinin on all tested preparations. The relative activity, on a molar basis, of phyllokinin and bradykinyl-isoleucyl-tyrosine in respect to that of bradykinin is shown in Table 3 4 7 • VaJl-Thr 6 -bradykinin (Vlll) has been isolated from extracts of the skin of the Japanese frog Rana nigromaculosa, tagether with authentic bradykinin and polypeptide (IX). Its stimulant activity on the rat uterus was about 20 per centofthat of bradykinin 48 . Since amphibian bradykinins display the same general activities as does bradykinin, these activities will not be discussed in detail. It will be sufficient to remernher here some effects of the bradykinins which may be useful for their characterization and their distinction, in parallel bioassay, from other categories of active peptides.
The bradykinins are characterized by a remarkable but not exceptionally intense vasodilating and hypotensive action in the dog, rabbit and cat; by a 470 ACTIVE POLYPEPTIDES OF THE AMPHIBIAN SKIN Table 3 . The relative potency, on a molar basis, of bradykinin, phyllokinin and bradykinylisolcucyl-tyrosine (bradykinin = 100). potent stimulant action on the isolated guinea-pig ileum, cat sma11 intestine and cat, dog and rabbit urinary bladder; and by a striking stimulant action on the oestrous uterus of the rat. They have a poor stimulant action on the rabbit and rat colon and display an inhibitory action on the rat duodenum. Bradykinin-like polypeptides effectively increase capillary permeabiJity in man and experimental animals and causc pain when administered intraarterially and intraperitoneally. All the known bradykinins are completely inactivated by incubation with chymotrypsin but are resistant to trypsin.
Bradykinins represent a polypeptide family having a widespread distribution in the amphibian skin. In fact bradykinin-like peptides occur, outside the species belanging to the genera Phyllomedusa and Rana, in species of other genera as well, among which are Ascaphus truei 49 Two recent localizations of kinin-like peptides outside the amphibian skin dcserve particular mention. The first is that of bufokinin, present in methanol extracts of the urinary bladder of the toad Bufo marinus paracnemis50, the second that of one or two bradykinin-like peptides in the skin of the lamprey Eudontomyzon danforti vladykovi 51 • Bufokinin is a negatively charged peptide, having a molecular weight of 1000 or slightly above, displaying the characteristic actions ofbradykinin on isolated smooth muscle preparations and on blood pressure in the dog. Moreover, the peptide, like other bradykinins, when applied to the isolated toad b~adder markedly inhibited the increase in the transepithelial osmotic water flux evoked by neurohypophysial hormones.
The lamprey in its turn contained in the skinsmall amounts of one or two biologically active bradykinin-like peptides. In cantrast to authentic bradykinin they wcre inactivated not only by chymotrypsin but also by trypsin.
CAERULEIN-LIKE PEPTIDES
Caerulein is a decapeptide first isolated from methanol extracts ofthe skin of the Australian hylid frog Litoria (H yla)caerulea, where it was present in concentrations of 100 to 1000 Jlgg-1 fresh skin. The thick dorsal skin con- Authentie caerulein was later found in extracts of the skin of the South American leptodactylid frog Leptodactylus pentadactylus labyrinthicus and ofthe South African amphibian X enopus laevis (300 to 800 J.lg g-1 fresh skin). Tha t is of in terest because X enopus laevis may be easily bred in an aquari um 54 .
It is probable that caerulein is present also in the skin of a number of other Australian hylid frogs (inLitoria (Hyla)infrqfrenata andLitoria (Hyla)moorei up to 2500 to 3000 J.lgg-1 dry tissue), in other South American leptodactylid frogs (in Leptodactylus laticeps up to 1300 j.lgg-1 fresh tissue) and in other South African pipid frogs (in X enopus gilli up to 1000 to 1500 J.lgg-
The skin of the South American ~ylid frogs of the genus Phyllomedusa contained, in its turn, phyllocaerulein, a nonapcptide strictly related to caerulein. In Phyllomedusa sauvagei, whence it has been isolated in a pure form, it was present in amounts of 200 to 650 1-1g g-1 fresh skin. Similar amounts were present in the fresh skin of Phyllomedusa bicolor 55 • Systematic screening carried out in the last few years has shown that distribution of caerulein-like peptides in amphibian skin is broader than so far suspected. In fact, conspicuous amounts of caerulein-like peptides have been traced in Nictimystes disrupta, an amphibian of New Guinea, in Hylambates maculatus of South Africa and finally in some authentic frogs of New Guinea, Borneo and the Philippines, including Rana erythraea. The isolation of some of the above caerulein-like peptides is in progress. It is highly probable that the peptidein Rana erythraea is different from authcntic caerulein 56 -5 8. The formulae below show the close chemical resemblance existing between the caeruleins, on the one side, and the gastrins and cholecystokininpancreozymin on the other side.
musculature of all the tested animals, including man. A few nanograms per kilogram of weight injected intravenously were sufficient to stimulate the organ in situ and less than 1 ng kg-1 min -1 was effective when infused intravenously. The isolated gall bladder was contracted by caerulein in concentrations as low as 0.01 to 2 ng ml-1 of nutrient solution. There was no tachyphylaxis and, generally, a good dose-response relationship. The spasmogenic action of the polypeptide was atropine resistant 59 . In the dog the threshold cholecystokinetic doses by intravenous and subcutaneous routes were 1 and 10 ng kg-1 , respectively. The gall bladder contraction began very soon and Iasted 3 to 4 hours after intravenous administration and 6 to 7 hours after subcutaneous administration. In some cases a certain degree of contraction was appreciable up to 24 hours. The cholecystokinetic activity was more striking after subcutaneous than after intravenous administration, except for threshold doses. Also the intrahepatic and extrahepatic bile ducts were apparently contracted by caerulein. On a molar basis caerulein was 16 times as potent as cholecystokinin and 170 times as potent as both gastrin I and gastrin II 60 • 61 . In man caerulein has been largely used in cholecystography and cholangiography. Doses were 5 to 30 ng kg-1 by the intravenous raute, 0.25 to 1 J.lg kg-1 by intramuscular or subcutaneous injection, and 0.75 to 1 J.lg kg-1 by nasal insuffiation. The threshold intravenous dose was of the order of 1 ng kg-1 • The spasmogenic action of the polypeptide began soon after the injection, reached its peak after 10 to 15 minutes, and disappeared after 90 minutes~ 2·5 to 5 ng kg-1 of intravenous caerulein produced a response very similar tothat caused by a fatty meal 62 -64 . (b) Relaxing action on the choledocho-duodenal junction, which was particularly evident when the tone of the sphincter was elevated, either spontaneously or following premedication with spasmogenic drugs 65 . As a consequence of the relaxation of the sphincter of Oddi the choledochal resistance was lowered and bile flow increased in conscious dogs. Of the peptides examined the mostpotent relaxant was caerulein 66 . (c) Powerful stimulant action on the in situ musculature of the gut, with the possible exception of the duoden um, at least in man.
In the intact, conscious dog, caerulein caused emesis and evacuation ofthe bowel. The mean effective dose by rapid intravenous injection was 0.4 to 0.5 J.lg kg-1 , and by subcutaneous administration 3 to 4 J.lg kg-1 • By intravenous infusion caerulein produced retching in most dogs when doses exceeded 10 ng kg-1 min - 1 . Intravenous doses as low as 1 to 5 ng kg-1 had a spasmogenic action on jejunal loops of the dog, and slightly larger doses contracted the small intestine of the cat. The starnach and the large intestine were less sensitive to the polypeptide. Caerulein also displayed a considerable spasmogenic action on the rat pylorus. All these effects, with the exception of the latter, could be reduced or abolished by atropine 59 . In human subjects studied by the balloon method caerulein caused inhibition of the duodenal motility and stimulation of the jejunal motility and tone. Threshold doses by intravenous infusion were ofthe order of 1 ng kg-1 min - 1 . The effect subsided a few minutes after the infusion bad been discontinued. By the subcutaneous raute the threshold dose was 25 to 30 ng kg- 1 . With 0.75 J.lg kg-1 the stimulant effect Iasted 30 to 40 minutes 67 . 
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In small bowel cantrast sturlies it could be seen, by fluorography and cinematography, that caerulein administration (1 to 2 ng kg-1 min -l by infusion or 0.5 to 1 J..Lg kg-1 by intramuscular injection) produced a conspicuous reduction in the transit time of the cantrast medium. The barium took only 20 to 30 minutes to reach the colon and peristalsis was very lively. Not infrequently the cantrast medium was present simultaneously in the colon and the stomach 68 . Some isolated preparations of intestinal smooth muscle were extremely sensitive to caerulein. They were used in the study of the mechanism of action of caerulein, which appeared to be different depending on the animal species and the intestinal section considered. In most cases it was predominantly cholinergic, in other instances it seemed a direct one 69 · 70 .
In the guinea-pig ileum caerulein has been shown to act on non-nicotinic receptors in the intramural ganglia causing a conspicuous release of acetylcholine. A similar release of acetylcholine occurred also in the rabbit duodenum71.
Because of its actions on the intestinal smooth muscle, caerulein has been employed, apparently with success, in the treatment of postoperative gastrointestinal atony and other forms of adynamic ileus 72 . (d) Potent stimulant action on the exocrine pancreas causing the secretion of abundant pancreatic juice rich in enzymes. In the anaesthetized dog with an acutely cannulated Wirsung duct, threshold doses of caerulein were .1 to 5 ng kg-1 by rapid intravenous injection, 0.25 to 1 ng kg-1 min-t by intravenous infusion, and 50 to 100 ng kg-1 by subcutaneous injection. An intense, constant flow of pancreatic juice could be maintained by infusion of caerulein up to 10 to 20 hours 73 . In conscious dogs provided with chronic pancreatic fistulas the dose of caerulein required for 50 per cent of maximalresponsewas 0.5 ng kg-1 min -1 , volume output, and 0.7 ng kg-1 min -1 , enzyme output. Depending on experimental conditions, caerulein was 7 to 50 times more potent than gastrin, and 3 to 6 times morepotent than cholecystokinin on pancreatic juice flow and enzyme output. Secretin, however, stimulated flow 2.5 to 20 times more than caerulein, on a molar basis 74 · 75 .
Repeated subcutaneous administration of caerulein caused a remarkable increase (up to 100 per cent) of amylase and chymotrypsin concentration in the rat pancreas 76 and a 80 to 100 per cent increase in the incorporation of 14 C-leucine into protein by pancreas tissue slices of fasted guinea-pigs 77 . In chickens the threshold dose of caerulein active on pancreatic secretion was 0.1 to 0.3 ng kg-1 min -1 . Maximal observed increases were 8-fold for volume output, 23-fold for amylase output, 18-fold for Iipase output, and 28-fold for output of total tryptic activity. The concentration of enzymes in caerulein juicewas 3-to 6-fold the concentration in control juice 78 . The pancreatic islets, too, were stimulated by doses of caerulein of the same order of magnitude as those active on the exocrine pancreas. In fact, in the dog, doses of the polypeptide as low as 2 ng kg-1 min-1 produced a 2.5-to 4-fold increase of the immunoreactive insulin Ievels in pancreatico-duodenal venous blood and a 3.5-fold increase of the immunoreactive glucagon Ievels. The effect Iasted as long as the infusion was continued. Discontinuing the infusion caused a prompt return to basal values; recommencing the infusion resulted in a renewed release of insulin 79 · 80 .
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In normal human subjects 10 ng kg-1 of caerulein administered by rapid intravenous injection produced a slight increase in blood glucose Ievels, while plasma immunoreactive insulin did not change. However, in some patients with insuloma, caerulein provoked a powerful insulin response 81 • Concomitantly with, and probably resulting from, the stimulation of the pancreas there was an increase in the blood flow through the duodenalpancreatic artery. Intravenous doses of caerulein active on this vascular area (1 to 2 ng kg-1 ) were at least 10 times lower than those causing systemic hypotension 82 • (e) Conspicuous stimulant action on the Brunner glands. The intravenous infusion of 2.5 ng kg-1 min-1 of caerulein stimulated the glands of the dog to produce 0.56 ml of secretion per 15 minutes, and the glands of the cat to produce 0.36 ml of secretion per 60 minutes 83 . (t) Potent stimulant action on gastric secretion, with increase in volume, acid and pepsin outputs. Concentration of hydrochloric acid in the dog juice increased up to 50 per cent, and concentration of pepsin up to 250 per cent 84 . In dogs with denervated gastric pouches the dose of caerulein needed to produce one-half of the maximal acid secretion was 8 ng kg-1 min-1 ~ in gastric fistula dogs 2.7 ng kg- 1 . On both a molar and a weight basis caerulein has been found to be more potent than gastrin in stimulating acid secretion. However, it should be pointed out that gastrin was capable of producing much higher observed and calculated maximal responses than was caerulein. Calculated and observed acid outputs to maximal doses of gastrin were usually twice those found for caerulein. Caerulein was then extremely potent in that low doses produced significant amounts ofsecretion, but it was not effective in producing high rates of acid secretion comparable to those seen with maximal doses of gastrin or histamine 85 • 86 . In man the threshold intramuscular dose of caerulein was 50 to 100 ng kg- Gastrin-and pentagastrin-induced gastric secretion was inhibited by caerulein; the effect of the polypeptide on histamine-induced secretion ·was, on the contrary, variable. In its turn, the effect of caerulein was completely abolished by atropine in the dog, man and chickeri, but was atropineresistant in the rat and the pigeon 84 • 87 • 88 .
Caerulein increased 'short circuit current' and simultaneously secretion of hydrochloric acid in the isolated gastric mucosa, starting from concentrations as low as 10-10 M. The effect was atropine-resistant. On this preparation caerulein was 10 000 times more active, on a molar basis, than either pentagastrin and human gastrin I, 30 times as active as cholecystokinin and 1000 times as active as histamine 90 • In the rat, caerulein caused also a remarkable increase in the secretion of the intrinsic factor. With 0.51Jg kg-1 ofthe polypeptide given subcutaneously the increase in intrinsic factor secretion was 100 per cent; with 5 j.lg kg-1, 350 per cent. By intravenous infusion the threshold dose of caerulein was 475 10 ng kg-1 min- 1 . On a molar basis caerulein was more than 10 000 tim es as active as histamine 91 . Finally, caerulein always produced an increase in the histidine decarboxylase activity of the gastric mucosa in the rat. The threshold dose f9r a threehour infusion period appeared to be 0.5 J.lg kg-1 h- 1 . With 5 llg kg-1 h-1 the enzyme activity was increased by 400 per cent 92 . (g) Variable effects, depending on the animal species considered, on flow and composition of hepatic bile, as well as on transhepatic transport of bile salts, bile pigments and organic anions 93 -~9 7 .
In the chicken, which was the species most thoroughly studied up to the present, the intravenous infusion of caerulein elicited the following effects: (i) In the dog, half ofthe maximal calculated increase in bile flow was produced by 0.25 ng kg-1 min -l of caerulein 94 • At variance with previous findings, not only the output of bicarbonate and chloride but also that of bile salts was increased following the administration of the polypeptide.
A synopsis of the actions produced by caerulein on biliary secretion in different animal species is presented in Table 4 . Results have been obtained in animals with their gall bladder excluded, with total diversion of bile for collection and with continuous administration of bile salts to support bile flow 97 • 
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It may be seen that the rat and guinea-pig were totally, or nearly, unresponsivc to caerulein. In the goose the powerful stimulation of bile flow was not accompanied by any increase in the concentration of bile salts, whereas in the rabbit, cat and pigeon bile secreted under the influence of caerulein showed a high concentration of bile salts.
Of considerable interest are the findings that caerulein (10 to 20 ng kg-1 min-1 ) produced also in the rabbit an increase in the maximal rate of secretion of sulphobromophthalein and bilirubin into the bile and that in the chicken, rabbit and pigeon the choleretic effect of caerulein was generally magnified if the animal was supplied with exogenaus bile salts via the duodenum instead of intravenously.
More work is necessary to elucidate the mechanism of the salteretic effect of caerulein. lt is certain that the polypeptide enhances the transhepatic transport of bile salts and hence their canalicular excretion; it may also be that it acts on intestinal reabsorption of bile salts and that it affccts 7-crhydroxylation of cholesterol, which is the rate-limiting step in the biosynthesis of bile acids.
(h) Conspicuous villokinetic activity in the cat and in birds. The intravenous infusion of caerulein or cholecystokinin in animals with or without drainage of digestive secretions stimulated the pump-like movements of chicken, cat and pigcon duodenal-jejunal villi. Threshold infusion rates for caerulein were 0.25, 0.5 and 2 ng kg-1 min-1 , respectively. Dose-response relationship was usually modest, and an inhibitory action could supervene with supramaximal rates in the chicken and cat, but not in the pigeon 98,99. (i) Moderate action on the systemic blood pressure. In dogs and rabbits caerulein nearly always produced hypotension with a good dose-response relationship. In the dog the threshold dosewas 10 to 100 ng kg-1 by intravenous injection, 5 to 15 ng kg-1 min-1 by intravenous infusion, and 5 to 10 ~g kg-1 by subcutaneous injection. In other animal spccies blood pressure responsewas more erratic and unpredictable 100 . U) Potent stimulant effect on calcitonin release from pareine thyroid, perfused in situ. Approximately 1.3 ng ml-1 of caerulein doubled the secretion rate of calcitonin. On a molar basis the polypeptidewas about twice as active as cholecystokinin 101 . The acute toxicity of caerulein in animals seems to be very low: in the mause LD50 by intravenous injection was 1030 mg kg- 1 . Very high doses of caerulein (50 and 250 ~g kg- 1 ) given daily to rats by subcutaneous injection, for periods of 1, 3 and 6 months, produced in the pancreas severe acinar cell darnage ending in parenchymatous atrophy with diffuse fibrosis and increase of ductular and centroacinous cells. The endocrine pancreas, however, was not damaged and the above severe lesions of the exocrine tissue did heal spontaneously after discontinuing the injections of caerulein. Pancreatic lesions were accompanied by an impairment of fat absorption, evidently due to Iack of pancreatic lipases, and by reduction of fat deposits. In addition to the pancreatic changes caerulein produced also hypertrophy of the duodenal wall and of the gastric parietal cells, events which could suggest a trophic action of the polypeptide. Because caerulein is now very often studied and discussed tagether with cholecystokinin and the gastrins it seems useful to condense in Table 5 available data on the relative potency of the three peptides on a nurober of test preparations. The activity of caerulein was considered equal to 100 and that of cholecystokinin and human gastrin I was expressed in terms of this activity. The relative activity of a nurober of synthetic peptides related to caerulein is shown in Table 6 , in which the activity of a given weight of caerulein was considered equal to 100 and the activity of the same weight of the other peptideswas expressed in per cent.
From the tabulated data and from other published and unpublished results, the following conclusions may be·drawn:
(i) The whole activity spectrum of caerulein was present in the C-terminal heptapeptide, and further lengthening of the peptide chain was of limited effect.
(ii) A necessary prerequisite for the activity of the heptapeptide was the presence at its N-terminus of an 0-sulphated tyrosyl residue or another appropriate negatively charged residue. Thus, desulphation of the tyrosyl residue or its replacement by a p-sulphonamido-phenylalanyl residue produced a drastic decay of activity. Substitution of the sulphuric acid by 478 
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phosphoric acid yielded considerably less active compounds. Similarly, substitution of p-sulphonyl-phenylalanine for tyrosine 0-sulphate caused a 50 to 80 per cent reduction ofactivity. Desamination oftyrosine 0-sulphate to 0-sulphate of p-hydroxyphenylpropionic acid, on the contrary, produced no change in biological activity. However, the p-tyrosyl sulphate residue could not be replaced by the m-tyrosyl sulphate residue. Finally, substitution of L-tyrosine 0-sulphate with o-tyrosine 0-sulphate produced a reduction of activity of different intensity, depending on the test preparation.
(iii) Substitution of the threonyl residue in the C-terminal heptapeptide produced different results, depending on the entering amino acid. Tryptophan, phenylalanine and still more glycine and tyrosine 0-sulphate gave unfavourable results, whereas methionine produced an increase in biological activity, and tyrosine caused only a minor decrease in activity. It is evident from these results that the negative charge at the N-terminus must not exceed certain Iimits.
(iv) Omission of the threonyl residue, with consequent shifting of the sulphated tyrosyl residue to position 6, as in the C-terminal hexapeptide of gastrin II, produced a peptide which still retained a considerable activity on gastric and pancreatic secretions, but was deprived of any significant action on the smooth muscle ofthe intestines and gall bladder as weil as on systemic blood pressure.
(v) Omission of the glycyl residue, again with shifting of the sulphated tyrosyl residue to position 6, produced a hexapeptide possessing a moderate activity on gastric secretion (5 to 10 per cent), a poor activity on pancreatic secretion and virtually no activity on vascular and extravascular smooth muscle.
(vi) The tryptophanyl residue could not be replaced by a phenylalanyl residue.
(vii) The easily oxidized methionyl residue could be replaced, with advantage, by the stable norleucyl residue, as in the case of gastrin analogues 106 . (viii) The C-terminal tetrapeptide and the C-terminal pentapeptide of caerulein, which incidentally are also the C-terminal tetrapeptide and pentapeptide of the gastrins I and Il, were completely devoid of any cholecystokinetic activity and of any stimulant activity on the intestinal smooth muscle, but still retained some secretagogue activity on the pancreas ( < 3 per cent) and the rat stomach (1 to 2 per cent). The samewas true for the C-terminal hexapeptide of caerulein.
The above conclusions have been largely confirmed using other test systems. Even in the isolated mucosa of the frog stomach, using the 'short circuit current' method, a prerequisite for activity of caerulein-like peptides was the occurrence of a sulphated tyrosyl residue at position 7. The hexapeptide of gastrin II possessed barely 2 to 3 per cen t ofthe activity of caerulein, and gastrin I, like all other desulphated peptides of this group, less than 0.2 per cent of the'caerulein activity 90 • These results point to the possibility that gastrins in lower vertebrales may be related in their amino acid composition and sequence (especially in the position of their probable sulphated tyrosyl residue) more closely to the caeruleins than to the gastrins. lt has been demonstrated, quite recently, that even the C-terminal dipeptide of caerulein, Asp-Phe-NH 2 , displayed some pharmac~logical act.ions ~n certain preparations of intestinal smooth muscle. On the tsolated gumea-ptg ileum, for example, the dipeptide showed 0.2 to 0.3 per cent of the activity of caerulein, on a molar basis, and as much as 2 per cent of the activity of caerulein on the pylorus of the rat stomach in situ. This is another striking example of the pharmacological possibilities of the oligopeptides, in this case of the smallest possible oligopeptide. Needless to say the results obtained in the study of caerulein-like peptides are fully valid also for cholecystokinin and, subordinately, for the gastrins. The converse is simllarly true, because each peptide of one of the three series is similar to the peptides of the two other series.
BOMBESIN-LIKE' PEPTIDES
Three polypeptides belonging to this family have been recently isolated in a pure form, reproduced by synthesis, and submitted to a pharmacological study by two groups of research workers, independently 107 -110 • From the formulae below it is evident that we have to do with a new class of polypeptides. Bombesin (1) is a tetradecapeptide obtained from methanol extracts of the skin of the two European discoglossid frogs Bombina bombina and Bombina variegata variegata where it is contained in amounts ranging from 200 to 700 J.lg g-1 fresh tissue. 1t is highly probable that authentic bombesin is present also in the skin of Bombina variegata pachypus. Alytesin (ll) is again a tetradecapeptide, strictly related to bombesin, which is found in extracts of the skin of another European discoglossid frog, Alytes obstetricans, in amounts usually ranging between 600 and 1300 J.Lg g-1 wet skin, but sometimes as low as 50 J.lg g-1 , when expressed in terms of bombesin 108 . Discoglossus pictus, from both Sardinia and Sicily, although belonging to the same family as Bombina and Alytes; did not contain detectable amounts of bombesin-like peptides.
Finally, ranatensin (III) is an endecapeptide prepared from extracts of the skin of the American frog Rana pipiens. No quantitative data on ranatensin contents in the skin were presented by Nakajima et a/. 107 . In our methanol extracts of dried skiris of Rana pipiens, the content of ranatensin, assayed on rat uterus preparation and expressed in terms of bombesin, ranged between 0.5 and 120 J.Lg g-1 dry tissue 111 . From the formulae above it may be seen that the three peptides have in common the pyrogl~tamyl residue at the N-terminus and the C-terminal octapeptide with the sole exception, for ranatensin, of a phenylalanyl residue replacing the leucyl residue, in position 2 from the C-terminus.
Bombesin and alytesin could be easily demonstrated on paper chromatograms and electropherograms of crude or, much better, semi-purified 482 extracts by means of colour reactions: the Pauly reaction (histidine), the coupling reaction with the NNCD reagent or p-dimethylaminobenzaldehyde reaction (tryptophan) and the Sachaguki reaction (arginine). Bombesin and • alytesin were accompanied by other compounds giving similar colour reactions.
The firststage in the purification ofbombesin-like peptideswas chromatography on an alkaline alumina column, followed by elution with descending concentrations of ethanol. Bombesin and alytesin emerged in 85 to 80 per cent ethanol eluates, other bombesin-like peptides in 95 to 90 per cent ethanol eluates.
In fact, bombesin, alytesin and ranatensin are by no means the only representatives oftbis peptide family and the occurrence ofbombesin-like peptides is not confined to discoglossid frogs and to Rana pipiens. At least three other bombesin-like peptides have been traced, in our screening, in amphibians of Australia and New Guinea, demonstrating that peptides of the bombesin group also have a fairly broad distribution. The elucidation of the structure ofthe new bombesins is in progress 112 • The spectrum of biological activity of alytesin and bombesin is characteristic, and the distinction of these polypeptides from the other polypeptides of the amphibian skin is easily accomplished by means of parallel bioassay. All the bombesin-like peptides so far tested have been found to display similar pharmacological actions, with only quantitative differences; thus, bombesin will be used as a prototypeoftbis polypeptide group. The pharmacological study of bombesin is still in progress in several directions and here only the effects which may be considered as weil established will be reported in some detail.
(i) Bombesin displayed a stimulant action on numerous preparations of intestinal, uterine and urinary tract smooth muscle. Sometimes the effect was easily repeatable and showed a fair proportionality to the dose, but at other times a prompt and intense tachyphylaxis was observed 111 • 113 • 114 .
On the oestrous uterus of the rat, bombesin was approximately as active as bradykinin and oxytocin, and 3 to 5 times more potent than Val 5 - angiotensin II. The threshold dosewas of the order of 0.005 to 0.05 ng ml-1 nutrient liquid and there was a good doser-response relationship. With large doses of bombesin the increase in tone often persisted for hours, in spite of repeated washing of the organ with fresh nutrient liquid.
Although the in vivo pregnant uterus contracted in response to ranatensin or bombesin, the foetuses did not abort. In fact, the normal gestation periods of rats in the 18th, 20th and 21st day ofpregnancy was not altered either by intravenous infusion of 1 J.Lg kg-1 min-1 of ranatensin for 2 to 3 hours or by single intravenous doses of 10 f.l8 administered every 10 minutes for the same period 114 • On the kitten small-intestine bombesin was again approximately as active as bradykinin (threshold 0.1 to 0.5 ng ml-1 ), but far morepotent than most biogenic substances known to stimulate smooth musde, including Val 5 -angiotensin II. For this reason and because of the frequent Iack of tachyphylaxis the kitten small intestine must be included among the most suitable preparations for the quantitative assay of bombesin-like peptides.
Two additional preparations can be recommended: the guinea-pig colon
(threshold 0.03 to 0.5 ng ml-1 ) and the rat urinary bladder, both isolated (threshold 0.2 to 1 ng ml- 1 ) and in situ. The last preparation responded to bombesin with a Iong-lasting increase in tone, often accompanied by reinforcement of movements. The threshold dose for rapid intravenous injection was 50 to 100 ng kg-1 , for intravenous infusion 30 to 50 ng kg-1 min -
1
, and ' for subcutaneous injection 3 to 10 J.tg kg- 1 . With 100 J.tg kg-1 a spasm ofthe urinary bladder could be observed, Iasting Ionger than 3 to 4 hours.
Other smooth-muscle preparations were sensitive to bombesin but owing to prompt and intense tachyphylaxis they were unsuitable for the bioassay of the polypeptide (guinea-pig ileum, rat large intestine, rabbit duodenum and colon, guinea-pig urinary bladder and ureter); still other preparations were poorly sensitive or insensitive (rabbit, cat, guinea-pig and hamster uteri; hamster, chicken and frog intestinal loops, rat ureter, dog urinary bladder and ureter, monkey urinary bladder). Like bradykinin, bombesin caused aprevalent relaxation of the rat duoden um.
Bombesin seems to act on extravascular smooth muscle mainly by a direct effect. However, in some cases cholinergic and adrenergic mechanisms cannot be excluded.
(ii) In most species (dog, cat, rabbit, rat and chicken) bombesin elicited moderate hypertension, rarely exceeding 40 to 50 mmHg, which was usually gradual in onset and slow to disappear. Tachyphylaxis was frequent. During an intravenous infusion of bombesin in the dog (threshold 1 to 3 ng kg-1 min-1 ) the rise in blood pressure could sometimes be maintained at a steady level as long as the infusion was continued, but at other times the rise of pressure slowly subsided with continued administration of the polypeptide. In the rat and the chicken hypertension elicited by high doses of bombesin was often followed by secondary hypotension. Bombesin-induced hypertension was apparently not affected by pretreatment with either 11.- or ß-adrenergic blocking agents. Similarly, secondary hypotension was not abolished by atropine. Thus, the effect of bombesin on vascular smooth muscle seems tobe predominantly a direct one. Angiotensin was usually more potent than bombesin, and its effect on blood pressurewas morerapid and of shorter duration.
In sharp cantrast to other species, the monkey responded to bombesin with frank hypotension (threshold 2 to 10 ng kg-1 , by rapid intravenous injection), which was usually proportional to the dose, and which was equal to, or greater than, that caused by eledoisin or physa1aemin, and of Ionger duration. Tachyphylaxis was moderate for low and adequately spaced doses of the polypeptide, but prompt and intense for high doses. Lang-lasting hypotension was obtained by intravenous infusion of bombesin (threshold 1 to 2 ng kg-1 min-1 ), but repeated infusions caused tachyphylaxis 115 . (iii) Bombesin caused in the anaesthetized dog a potent antidiuretic effect, up to complete arrest ofurine flow. Thresho1d doses, by intravenous infusion, were of the order of 0.5 to 1 ng kg-1 min - 1 . Antidiuresis was the result of a reduction in glomerular filtration rate caused by a fall in intraglomerular hydrostatic pressure. This, in its turn, was provoked by afferent vasoconstriction. The spasmogenic effect of bombesin on the smooth muscle of the afferent arterioles was directly demonstrated by the radioactive microspheres technique and indirectly by the 85 Kr washaut method and the 3 H-p-amino-
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ACTIVE POLYPEPTIDES OF THE AMPHIBJAN SKIN hippurate clearance. The vascular compartment mostsensitive to bombesin was that of the outer cortical zone, especially in its external half. Filtration fraction decreased under the influence of bombesin, indicating that the effect ofthe polypeptide on postglomerular arterioles was, ifpresent, only ofminor importance.
At an infusion rate of 12 ng kg-1 min -1 glomerular filtration rate was virtually abolished whereas blood flow in the outer cortex and in the juxtamedullary cortex, as measured by the radioactive microspheres method, was reduced by 70 and 57 per cent, respectively.
Radioautographs of the kidney after injection of 85 Kr confirmed that washout of the gaswas strikingly retarded following infusion of bombesin. For example, a similar pattern of distribution of radioactivity in external cortex was seen after 15 seconds in the kidney of control dogs, and after 4 minutes in the kidney of bombesin-treated animals.
At high infusion rates (above 6 ng kg-1 min -l ), bombesin produced a decrease in 3 H-p-aminohippurate extraction. The effect of the polypeptide on fractional distal delivery of sodium varied depending on the dose: at low infusion rates it decreased, at high infusion rates it increased. The total glucose appearing in urine following a glucose Ioad was sharply reduced by bombesin. However, the ratio GRF :TmG, i.e. the concentration of glucose in urine, did not show any appreciable change. lt is highly probable that the above events largely depend on the vascular effects of the polypeptide, but the possibility that they are in part due to a direct action of bombesin on the tubules cannot be excluded. Research is in progress to elucidate this crucial pointu6, 117. (iv) Afferent vasoconstriction produced by bombesin was accompanied by a .conspicuous activation of the renin-angiotensin system and, if sufficiently prolonged and kept within certain Iimits, by a considerable release of erythropoietin 116 -11 8 • Activation of the renin-angiotensin system was observed at threshold infusion rates less than 3 ng kg-1 min - 1 . There was an increase in renin secretion, followed by increases of renin activity and angiotensin II concentrations in systemic arterial blood. At an infusionrate of 6 ng kg-1 min -1 renin secretion rose by 3 to 20 times, renin activity in arterial blood by 2 to 4 times, and finally angiotensin II concentration in arterial blood by 2 to 6 times. When bombesin was infused into one renal artery only the infused kidney presented afferent vasoconstriction and increased renin secretion. The pattern of renin secretion under the influence ofbombesin was different depending on the infusion rates of the polypeptide. At low infusion rates an increased renin secretion was seen throughout the infusion period, at high infusion rates two peaks of renin secretion could be observed, one at the beginning of the infusion, the other soon after the infusion had been discontinued. Arrest or reduction of renindischarge from the juxtaglomerular apparatus during bombesin infusion may be interpreted as a direct consequence of afferent vasoconstriction which slows down, owing to Iack of vis a tergo, the flow offluid through the interstitial space ofthe juxtaglomerular apparatus into which renin is released from the gli,anular cells.
As already stated, a prolonged infusion ofbombesin caused in the dog the Iiberation of erythropoietin from renal tissue 118 . 3 ng kg-1 min-t infused 485 over a 6-hour period was virtually ineffective; 6 ng kg-1 min-1 produce~ a maximum erythropoietin release, up to 4-to 6-times the basal values; wtth 12 ng kg-1 min -1 erythropoietin releasewas considerably less pronounced. Erythropoietin in the dog blood began to increase 2 hours after starting the bombesin infusion, but increase outlasted interruption of infusion by more than 6 hours.
The causal agent for erythropoietin release is considered to be hypoxia. When this was mild (low rates of bombesin infusion) no evident ery.thropoietin release occurred; when it was exceedingly severe (excessive afferent vasoconstriction following high rates of bombesin infusion) erythropoietin release decreased.
From preliminary experiments it seems that Iiberation of erythropoietin and Iiberation ofrenin are independent events. In fact, at the time ofmaximum erythropoietin concentration no excess of renin activity was found in blood.
This would indicate that the site of renin production in the kidney is different from the site of erythropoietin production.
During the infusion ofbombesin in the dog (6 ng kg-1 min -1 for 6 hours), oxygen consumption by the renal tissue decreased in parallel to the renal blood flow. However, oxygen extraction (i.e. arterio-venous oxygen difference) was critically dependent on the magnitude of the reduction in renal blood flow. When passage of blood through the kidney remained above 1 ml g-1 min-t no appreciable changes in oxygen extraction occurred, in spite of a 60 to 80 per cent decrease in oxygen consumption; when renal blood flow fell below 1 ml g-Bombesin may be considered a formidable stimulant of acid secretion in the denervated fundie pouch ofthe conscious dog. By subcutaneous injection the threshold dose of bombesin was of the order of 5 to 10 ng kg-1 , which is ten times less than the threshold dose of caerulein. A clear dose-response relationship could be seen up to an optimum of 2 J.lg kg-1 , where both volume and acid outputs attained peak values which were 6-to 20-times the basal values. For large doses of bombesin the effect Iasted more than 4 to 5 hours. The concentration of hydrochloric acid in the gastric juice was 3 to 5 times above the basal values throughout the period of secretory response, whereas concentration of pepsin was always below the basal values. The threshold dose of bombesin capable of producing an appreciable increase in acid gastric secretion by intravenous infusionwas 0.05 J.lg kg-1 h-1 and the effect was proportional to the dose up to 1 J.lg kg-1 h - 1 . In contrast to gastrin and caerulein, bombesin stimulated acid secretion by the dog stomach even when given by rapid intravenous injection. However, by this route of administration the polypeptidewas less active than by either subcutaneous injection or intravenous infusion.
Atropine nearly completely inhibited the gastric secretory response to bombesin.
486
The polypeptide was a poor and irregular stimulant of the acid secretion in the perfused stomach preparation of the rat. Preliminary experiments in the chicken seem, on the contrary, to indicate that in this species bombesin is a good gastric secretagogue.
Finally, bombesin produced an increase in the 'short circuit current' ofthe isolated gastric mucosa of Rana esculenta, wbich was only 0.1 per centofthat produced by caerulein 120 . Research is in progress to elucidate the mechanism by which bombesin stimulates gastric acid secretion. There is strong experimental evidence that bombesin is a potent releaser of gastrin from the dog and man antrat mucosa. In fact, intravenous infusions of bombesin produced in both species a conspicuous increase of immunoreactive plasma gastrin, which was particularly intense when acidification of the antrum was bindered and was lacking or strongly reduced in dogs and human patients subjected to antrectomy.
The panorama of the pharmacological actions of bombesin, although already broad, is far from being complete. Apart from the fact that the study of the effects of the polypeptide in the stomach and especially in the kidney may be considered little more than commenced, new actions ofbombesin are ernerging as our screening procedures are improving and expanding.
A vailable pharmacological data conceming ranatensin are limited to the effects of the polypeptide on some isolated smooth muscle preparations and on blood pressure of the common Iabaratory animals. On the whole ranatensin showed, as expected, a spectrum of biological activity very similar to that of bombesin. In fact, the peptide displayed a stimulant action on the guinea-pig ileum and the rat uterus and a relaxant effect on the rat duodenum. In addition it produced a relatively weak sustained contraction of the rabbit aortic strip, but not of the rat aortic strip 114 • Ranatensin raised blood pressure in the dog and rabbit, where it showed 10 per cent of the potency of angiotensin, but did not alter blood pressure in cats and had a variable action in the guinea-pig and rat. The peptide lowered blood pressure in the monkey, being as potent as eledoisin (threshold by intravenous injection, 2 to 9 ng kg-1 ). In the dog the threshold intravenous doses were similar (10 ng kg-1 ) for angiotensin and ranatensin, but the dose-response curve for ranatensin was more horizontal and the duration of action substantially longer.
Both hypertensive and hypotensive responses elicited by ranatensin are believed to be the result of a direct effect of the peptide on vascular smooth musclet2t, 122. · So far, only a relatively small number of bombesin-like peptides has been prepared by synthesis, essentially with the aim of determining the minimum length of the amino acid chain required for the first appearance of the bombesin effects on different smooth muscle preparations, and the minimum length necessary for maximal effects on the same preparations. Results are in part shown in Table 7 . The activity ofbombesin was set equal to 100, that of the bombesin-like peptides was expressed as a percentage.
From the comparative bioassay of bombesin-like peptides the following conclusions may be drawn:
(a) bombesin-like effects began to appear in the C-terminal heptapeptide. 487
V. ERSPAMER AND P. MELCHIORRI Table 7 . Relative potency of bombesin-like peptides, on a weight basis (bombesin = 100) The hexapeptidewas fully inactive ( <0.1 per cent) .. The preparation most sensitive to the heptapeptide was the rat uterus.
Test preparations
(b) addition ofthe glutamine residue to the N-terminus ofthe heptapeptide produced a 5-to 10-fold increase of activity on aii tested preparations. Addition ofthe glycine residue to the N-terminus ofthe octapeptide likewise produced a striking increase of activity on all tested preparations. The C-terminal nonapeptide of bombesin was as active as, or even more active than, bombesin itself.
(c) protection of the N-terminal alanine residue of the hexapeptide with a tert-butyloxycarbonyl group (BOC-hexapeptide) did not cause the appearance of any activity. However, protection with BOC of the N-terminal tryptophan residue ofthe heptapeptide (BOC-heptapeptide) produced 5-to 20-fold increases of activity, yielding a compound which was as active as the octapeptide itself; similarly the BOC-octapeptide was several times more potent than the octapeptide, approaching the activity of the nonapeptide. The BOC-nonap~ptide, on the contrary, was approximately as active as the nonapeptide, and the BOC-decapeptide consistently less active then the decapeptide.
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Thus, the presence of the tryptophan residue seemed necessary for the appearance of the bombesin-like activity. Tryptophan could not be substituted by the BOC group. However, further lengthening of the peptide chain from the hepta-to the nona-peptide, which caused striking increase in activity up to an optimum in the nonapeptide, could be obtained not only by addition of amino acid residues, but also by the addition of the BOC group.
(d) no appreciable differences in activity could be seen between the nonaand the deca-peptide, and between the deca-and the endeca-peptide. These peptides were also hardly distinguishable from each other from a qualitative point ofview, for example in the appearance oftachyphylaxis andin the shape of the response.
(e) substitution in the C-terminal nonapeptide of bombesin of threonine for asparagine, as in alytesin, did not change biological activity.
(t) replacement in the C-terminal octapeptide of bombesin of glutamic acid by asparagine or valine produced no changes in activity, except perhaps in the stimulant action on the rat uterus, which appeared to be increased. Replacement of glutamic acid by phenylalanine, on the contrary, increased the activity on all tested preparations.
As previously stated, the isolation of new natural bombesin-like peptides is in progress. lt may be anticipated that they will differ consistently from bombesin in the intensity and duration of their effects on different test preparations. lt is possible that they may represent models for the synthesis of bombesin-like peptides possessing peculiar characteristics.
Bombesin and bombesin-like peptides occupy in some respects a unique position among the active peptides ofthe amphibian skin. In fact, whereas all other hitherto described polypeptide groups of the amphibian skin have their counterpart in peptides occurring in mammalian tissues, this does not occur for bombesin-like peptides. The bradykinins of the amphibian skin have their duplicate in the mammalian plasma kinins, the physalaemin-like peptides of the amphibian skin are strictly related to substance(s) P of the mammalian brain and gastro-intestinal tract, and finally the caeruleins bear the strictest chemical and biological resemblance to cholecystokinin and, subordinately, to the gastrins.
So far a counterpart of the bombesin-like peptides is lacking in the mammalian organism. The question is whether this Iack is a real one or whether it simply depends on the fact that bombesin-like peptides have never been sought with suitable methods. Our research group is presently trying to solve this problem.
MISCELLANEOUS POLYPEPTIDES
In addition to the previously described polypeptides which must be considered as firmly established chemical and pharmacological entities, several other active peptides have been traced in the skin of different amphibian species.
For example, two peptides mimicking, on the whole, physalaemin in their pharmacological effects, but certainly different from the tachykinins, have been traced in the skin of African and Australian amphibians, respectively.
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Another peptide producing prolonged hypotension and .possibly acting ~lso as a releasing factor on endocrine glands has been found m a South Amencan frog. . . . .
A major obstacle for the isolation and study ofthese pepttdes 1s the scarc1ty of material. However, sometimes there are also serious methodological difficulties, due to the considerable length of the amino acid chain. The polypeptides found by Michland coworkers 124 -126 in the cutaneous venom of Bombina variegata variegata deserve a particular mention. So far the following peptides have been isolated in a pure form:
(I) Ala-Giu-His-Pht7-Ala-Asp-NH 2 (ll) Ser-Ala-Lys-Gly-Leu-Ala-Giu-His-Phe (III) Gly-Ala-Lys-Gly-Leu-Ala-Glu-His-Phe (IV) Gly-Ile--Gly-Ala-Leu-Ser-Ala-Lys-Gly-Ala-Le u-Lys-Gly-Leu-AlaLys-Gly-Leu-Ala-Glu-His-Phe-Ala-Asp-NH 2 Bombinin
It may be seen that peptide (I) is nothing but the C-terminal hexapeptide of bombinin and, similarly, that peptides (11) and (lll) are strictly related to each other and to bornbin in. These peptides, on the other side, have nothing to do with bombesin-like peptides.
Very littleis known about the pharmacological properties of bombinin, apart from the indication that it is endowed with a potent haemolytic action.
DISCUSSION
It has been repeatedly pointed out that polypeptides herein described represent only apart ofthe active peptides occurring in amphibian skin. Not only do several already identified peptides still await isolation and thorough pharmacological study, but it is highly probable that other peptides are escaping our attention because their activity lies beyond the Iimits of our screening methods, although these are covering a progressively increasing number of pharmacological effects.
As previously noted, amino acid sequences found in amphibian skin are the repetition of identical or similar sequences present in mammalian tissues. There are sound reasons to believe that elucidation of the structure of other ampbibian peptides will confirm this Statement. Why does the genetic code cause the allineation in the same sequence of tbe same amino acid residues in amphibian skin, in the posterior salivary glands of octopQds and in different, sometimes highly differentiated tissues of mammals? Wbat is tbe origin, the significance and the function of active peptides in amphibian skin?
These questions tnust be left open until the analytic, descriptive phase of research is more advanced-and until sufficient information is available about the biosynthesis and fate of the polypeptide molecules.
For example we have at present no idea whether amphibian peptides are the result of a progressive aggregation of smaller peptides, single amino acid residues or both, or of a splitting or hydrolysis of larger peptides. Both peptide fragments and larger precursors have been occasionally traced in the skin. Research on the occurrence in the cutarieaus tissue of enzyme systems 490 ACTIVE POLYPEPTIDES OF THE AMPHIBIAN SKIN catalyzing on the one side the formation of active peptides and on the other side their breakdown and inactivation is completely lacking.
Anyhow, it seems probable that peptides present in methanol extracts preexist in the living skin in a free form or very loosely bound. In fact, by means of an injection of adrenaline into the lymphatic dorsal sac of a X enopus it was possible to produce the prompt appearance oflarge amounts of caerulein in the water in which the frogs were immersed. This experiment shows two things: first that caerulein is ready for secretion in the skin, and secondly that it may be secreted externally together with the other components of the so called 'cutaneous venom ' . The fact that polypeptides in the skin are mainly localized in the cutaneous glands, the secretion of which is generally held to be only external, and that peptides actually appear in the cutaneous secretion, does complicate the understanding of the possible significance and function of these extremely active molecules in the amphibian skin. A true endocrine function, following their discharge into the blood stream, Iacks at present any experimental evidence. The intervention of the skin polypeptides in local regulation seems more conceivable. lt has been tentatively suggested that they may interfere in some basic functions of the skin, for example in the regulation ofthe secretion ofthe skin or in the control ofwater and electrolyte exchanges through the skin.
lt is obvious that the same function may be displayed in the different amphibian species by different polypeptides, and it is possible that polypeptides inactive in our screening systems are active in amphibian skin.
